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1. Introduction
   Follicular fluid (FF) is an avascular compartment within 
the mammalian ovary, separated from the perifollicular 
stroma by the follicular wall that constitutes a blood-follicle 
barrier[1]. Besides meeting nutritional requirements of the 
growing oocyte, FF also maintains a proper environment 
for its growth and maturation[2]. This fluid is also composed 
of locally produced substances within the follicle, which 
are related to the metabolic activity of follicular cells, 
and it is also in part an exudate of serum[3,4]. It has been 
reported that FF is rich in steroid reproductive hormones 
including testosterone, estradiol and progesterone (P4)
[5]. FF and steroid hormones are commonly used in the 
culture media as supplements for oocyte maturation; thus, 
steroid concentrations in the FF need to be quantified[6]. 
In most mammalian species, estrogen (E2) dominates the 
preovulatory follicular environment and meiotic division 
is resumed shortly before ovulation as a consequence 
of the preovulatory luteinizing hormone (LH) surge[7]. P4 
is the key hormone for maintaining pregnancy, and its 
production is initiated and remains low in the follicles 
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prior to ovulation[7]. The androgen-E2 ratio in the FF reflects 
the physiologic integrity and variability of the follicle. 
The importance of steroids, especially P4, estradiol-17β 
and testosterone concentrations in FF has been studied by 
several researchers[5,8,9]. Varying degree of steroid hormonal 
concentration in the FF is related to size, growth of follicle, 
stage of estrus cycle and healthy and atretic state of the 
ovarian follicles[5,9-11]. In a previous study, Atheya and Totey 
demonstrated that the information on the concentrations 
of steroids hormone was important for the maturation of 
follicle[8]. On the other hand, Rahman et al. reported that 
the concentrations of estradiol-17β and P4 increased with 
the growth of the follicles[12]. In addition, Yu et al. reported 
that the steroid hormone in the serum and FF was one of the 
major factors controlling follicular development[13].
   Thyroid hormones are required for bovine ovarian 
follicular function[14]. Triiodothyronine (T3) has been 
demonstrated to synergize with follicle-stimulating 
hormone (FSH) to induce differentiation of granulosa cells 
in porcine follicles[15,16] and the treatment with thyroxine 
(T4) enhanced antral follicular development and ovulation 
rates in rats[17]. Blaszczyk et al. demonstrated that bovine FF 
contained the free fractions of thyroid hormones[4]. It is well 
known that thyroid hormones play a key role in cholesterol 
homoeostasis[18], and the conversion of cholesterol to 
pregnenolone is the first enzymatic step in the biosynthesis 
of all steroid hormones[13,19]. Spicer et al. evaluated the 
effects of thyroid hormones at the level of follicular cells 
and demonstrated that T3 and T4 positively contributed to 
LH-induced androstenedione production by bovine theca 
cells[20]. Additional results also suggested that T4 alone had 
a positive impact on FSH-induced P4 production by bovine 
granulose cells[20].
   To date, reports of comparing the effect of the absence 
or presence of a corpus luteum (CL) on FF hormonal 
composition in dairy cows are limited. Corpora lutea are 
a continuation of follicular maturation and formed after 
ovulation from the remaining follicular cells. In addition, 
the CL is a transitory endocrine gland that secretes P4, 
and has a key role in establishment and maintenance of 
pregnancy in domestic mammals[21]. In Sanjabi ewes, it has 
been demonstrated that the serum estradiol concentration 
and follicular population are mainly related to presence 
or absence of CL[22]. Furthermore, the number of small, 
medium and large follicles in ewes, with or without a CL 
on the ovary was significantly higher (P<0.01) than ewes 
with two ovulations at certain stages of estrous cycle[22]. 
On the other hand, Adams demonstrated that the absence 
of a dominance effect during the luteal phase of the ovine 
estrous cycle may be due to the suppressive effects of P4 
from the CL[23]. Contreras-Solis et al. reported that the 
corpora lutea affected ovarian follicular dynamics in both 
ovaries by a systemic effect with evidence for a local 
ipsilateral effect[24]. In addition, studies in small ruminants 
suggested a possible local effect of the CL on follicular 
growth[25,26]. However, currently, more information is missing 
regarding to the mechanisms of possible local effects of the 
CL on growth and hormonal composition from small to large 
follicles. Therefore, the aim of this study was to investigate 
the influence of the CL on the hormonal composition of FF 
from different sized follicles and their relationship to serum 
concentrations in dairy cows.
2. Materials and methods
2.1. Location of animals, collection of ovaries and blood 
   This study was performed at the Animal Reproduction 
Laboratory of Razi University, located in the Kermanshah 
province, Iran (34°18’ N and 47°3’ E) from December 2011 to 
February 2012 (winter). After slaughtering, the ovaries were 
obtained from the clinically normal reproductive tract of 30 
adult cows. The stage of the cycle in the slaughtered cows 
was determined postmortem. About 10 mL blood samples 
were collected from jugular vein immediately before 
slaughtering from each cow. The ovaries of the cows were 
excised immediately after slaughter and transported to 
the laboratory in 0.9% normal saline, supplemented with 
1 000 IU/mL penicillin G and 1 000 mg/mL streptomycin 
sulfate, within 1 h after slaughter. Both ovaries and the 
blood samples were identified using the ear tag number of 
the cow. Ovaries and blood samples were transported on ice 
(4 °C) to the laboratory.
2.2. Collection of FF
   At the laboratory, the ovaries were again washed in 
saline [0.9% NaCl (4 °C)] and each ovary was cleared of the 
extraneous tissue. The diameter of various follicles present 
in each ovary was measured with a vernier calipers device. 
The collected ovaries were classified with (CL+) and without 
(CL
-
) CL. Ovaries associated with pregnant cattle and those 
that have any pathological lesions such as cystic follicles 
(>20 mm in diameter) were not included in the study. The 
selected follicles were separated in three different groups 
according to their diameter, i.e. small (3-6 mm), medium 
(6-9 mm) and large (10-20 mm). FF was aspirated from small, 
medium and large follicles using a sterile syringe and 22 G 
needle. In such cases, fluid collected from follicles of the 
same category from the same ovary of the same animal was 
pooled[27]. Follicles >20 mm in diameter with thick wall and 
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containing red-coloured fluid were assumed to be cystic and 
were not included in the study. The coagulated and other 
blood samples were centrifuged (1 500 r/min). FF samples 
were also centrifuged (3 000 r/min) and the supernatant was 
collected. Sample preparation was completed within 3 h after 
slaughter. Both FF and serum samples were stored at −20 °C 
for further analysis. 
2.3. Hormonal analysis of the serum and FF
   Blood serum and FF samples were analyzed for estradiol-
17β, P4, testosterone, T3 and T4. The concentrations of 
estradiol-17β, P4, testosterone, T3 and T4 were determined 
using a heterologous, competitive enzyme immunoassay 
by a Microstrip ELISA Reader (Stat-Fax-2100, Awareness 
Technology, Inc). The concentration of these hormones in 
serum and FF were measured by using kits from Monobind 
Diagnostic Inc, Lake Forest, USA (CAT # 4925-300A, 4825-
300A, 3725-300A, 125-300A and 225-300A respectively). The 
sensitivities of assay for estradiol-17β, P4, testosterone, T3 
and T4 were 6.5 pg/mL, 0.105 ng/mL, 0.038 ng/mL, 0.04 ng/mL 
and 0.4 µg/dL, respectively. Coefficient of variance of intra-
and inter-assay were 7.4% and 8.3% for estradiol-17β, 8.4% 
and 9.8% for P4, 8.5% and 12.3% for testosterone, respectively. 
In addition, the intra-and inter-assay coefficients of 
variation for T3 and T4 were 7.9% and 6.5%, and 3.3% and 4.8%, 
respectively.
2.4. Statistical analysis
   Mean依SD values for the concentrations of various 
hormones were calculated for FF and blood serum in 
all cows. The concentrations of each factor in the FF 
were compared between the different sized follicles. A 
comparison was made for the levels in the FF of each 
follicle class and those of serum. Correlation coefficients 
between FF and serum levels of the same parameter were 
calculated, and a paired samples t-test was performed to 
compare concentrations found in the blood serum and the 
FF (Statistical Analysis Systems Institute, 1998). In addition, 
the concentrations of each factor in the same follicle size 
categories were compared between CL+ and CL- ovaries. 
Significance between means was tested using Duncan’s 
multiple-range test. A probability value of P≤0.05 indicated 
that the difference was statistically significant. 
3. Results
3.1. Concentrations of hormone components in serum and FF 
from different sized follicles in CL+ ovaries 
   The comparisons between concentrations of various 
hormones in blood serum and FF from different sized 
follicles in CL+ ovaries are presented in Table 1. The serum 
concentrations of T3 and T4 were significantly higher (P≤0.05) 
when compared with the fluid from different sized follicles 
categories. The concentrations of hormones including 
estradiol-17β, P4 and testosterone were lower (P≤0.05) in 
the serum when compared with the fluid from different 
sized follicles, while estradiol-17β and P4 were significantly 
(P≤0.05) higher in fluid from the larger follicles instead of 
the smaller follicles.
Table 1
Concentrations of various hormones in serum and FF from different sized 
follicles in CL+ ovaries.
Hormones Three follicle classes Blood serum
Small follicles 
(3-5 mm)
Medium follicles 
(6-9 mm)
Large follicles 
(10-20 mm)
Estradiol-17β (pg/mL) 84.50依6.22d 94.72依4.09c  107.78依8.56b  19.44依14.33a
P4 (ng/mL) 44.03依3.97
c
50.46依4.04b 54.78依4.63b 10.78依1.11a
Testosterone (ng/mL) 13.02依2.20c 15.29依2.41bc 18.92依2.19b   6.77依0.92a
T3 (ng/mL)  6.56依0.92
b  5.90依0.92b  5.02依0.74b  10.33依0.91a
T4 (µg/dL)  8.87依1.03
b  10.55依1.41ab  12.15依2.14ab  14.74依1.73a
Values (mean依SD) in the same row with distinct superscripts differ 
significantly (P<0.05).
3.2. Concentrations of hormone components in serum and FF 
from different sized follicles in CL- ovaries
   The comparisons between concentrations of various 
hormones in blood serum and FF from different sized 
follicles in CL- ovaries are presented in Table 2. The FF 
concentrations of estradiol-17β, P4 and testosterone were 
significantly higher (P≤0.05) when compared with the 
serum. Between the follicle classes, the fluid concentrations 
of estradiol-17β, P4 and testosterone from large follicles 
were significantly higher when compared with the fluid from 
small follicles (P≤0.05). FF concentration of P4 decreased 
with increased follicular diameter.
Table 2
Concentrations of various hormones in serum and FF from different sized 
follicles in CL- ovaries. 
Hormones Three follicle classes Blood Serum
Small follicles 
(3-5 mm)
Medium follicles 
(6-9 mm)
Large follicles 
(10-20 mm)
Estradiol-17β (pg/mL) 111.39依7.75d 120.72依7.20c   130.07依5.17b  19.44依14.33a
P4 (ng/ml)   46.01依2.97
c    42.58依2.54bc  40.11依3.10b 10.78依1.11a
Testosterone (ng/mL)   21.17依2.19c    24.75依2.95bc  28.39依2.65b   6.77依0.92a
T3 (ng/mL)     7.36依0.92
b     7.12依1.28b    7.03依1.20b 10.33依0.91b
T4 (µg/dL)   12.99依2.13
b   14.51依2.04b   16.60依1.96b 14.74依1.73b
Values (mean依SD) in the same row with distinct superscripts differ 
significantly (P<0.05).
3.3. Concentrations of hormone components in FF from same 
follicle classes in CL+ and CL- ovaries
   The comparisons between concentrations of hormones 
in the FF from same follicle size categories in CL+ and CL- 
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ovaries are presented in Table 3. The FF concentrations 
of estradiol-17β and testosterone in same follicle size 
categories (small, medium and large follicles in CL+ and CL- 
ovaries) were significant (P<0.05). There was a statistically 
significant difference between medium and large follicles for 
P4 concentration in CL
+ and CL- ovaries (P<0.05). 
Table 3
Concentrations of various hormones in FF from different sized follicles in CL+ 
and CL- ovaries.
Groups and 
follicles size
Hormones
Estradiol-17β 
(pg/mL)
P4 
(ng/mL)
Testosterone 
(ng/mL)
T3 
(ng/mL)
T4 
(µg/dL)
Small follicle CL+  84.50依6.22a 44.03依3.97b 13.02依2.20a 6.56依0.92b  8.87依1.03b
CL
-
111.39依7.75b 40.11依2.97b 21.17依2.19b 7.36依0.92b 12.99依2.13b
Medium follicle CL+   94.72依4.09a 50.46依4.04a 15.29依2.41a 5.90依0.92b 10.55依1.41b
CL
 -  120.72依7.20b 42.58依2.54b 24.75依2.95b 7.12依1.28b 14.51依2.04b
Large follicle CL+  107.78依8.56a 54.78依4.63a 18.92依2.19a 5.02依0.74b 12.15依2.14b
CL
-  130.07依5.17b 46.01依3.10b 28.39依2.65b 7.03依1.20b 16.60依1.96b
Values (mean±SD) with different superscripts in the column for same follicles 
size differ significantly (P<0.05).
3.4. Relationship between concentrations of hormone 
components in serum and FF from different sized follicles in 
CL+ and CL- ovaries
   The correlation coefficients between serum and FF from 
different sized follicles for all hormones in CL+ and CL- 
ovaries are presented in Table 4. There was a significant 
correlation between concentration of hormones (estradiol-
17β, P4, testosterone, T3 and T4) in serum and FF with 
increased follicular diameter. The correlation coefficients for 
estradiol-17β and P4 between serum and FF from different 
sized follicles in CL- ovaries were significantly higher when 
compared with the CL+ ovaries (P<0.05).
Table 4
Correlation coefficients between hormones concentrations in serum and FF 
from different sized follicles in CL+ and CL- ovaries.
Groups and follicles size Correlation coefficients (R2)
Estradiol-17β P4 Testosterone T3 T4 
Serum-small follicle CL+ 0.01 0.47 0.21 0.08 0.13
CL
-
0.38 0.59 0.19 0.08 0.11
Serum-medium follicle CL+ 0.26 0.58 0.23 0.24 0.19
CL
-
0.42 0.61 0.27 0.11 0.19
Serum-large follicle CL+ 0.05 0.63 0.31 0.31 0.26
CL
-
0.51 0.73 0.34 0. 21 0.43
Values are presented for significant correlations (P<0.05).
4. Discussion
   In the present study, the serum concentrations of steroid 
hormones including estradiol-17β, P4 and testosterone 
were significantly lower (P≤0.05) when compared with the 
fluid from different sized follicles categories in CL+ and CL- 
ovaries. The serum concentration of steroid hormones was 
closely correlated with the FF. This implies that the follicular 
cells are the main site for synthesis and release of these sex 
steroid hormones[12]. FF concentrations of estradiol-17β and 
testosterone in two groups of ovaries (CL+ and CL-) increased 
with the growth of the follicles. These results were in 
agreement with the findings of Kor et al. who demonstrated 
that as the follicular size increased, FF concentration 
of estradiol-17β increased[10,11]. Granulosa cells are the 
principal site of follicular androgen aromatization and FSH 
stimulates the granulosa cell’s aromatase activity, resulting 
in enhanced estradiol-17β production[10,28]. Khan et al. 
reported that the increases in estradiol-17β concentration 
with the increase in follicle size were possibly due to 
increase in the number of granulosa cells and aromatase 
activity with the growth and development of the follicle[29]. 
However, during steroidogenesis in the Graafian follicle, 
the theca cells secrete testosterone under the stimulus of 
LH, which is converted into E2 by granulose cells under 
the influence of FSH[30]. In the present study, in contrast 
to the CL- ovaries, FF concentration of P4 in CL
+ ovaries 
increased with the growth of the follicles. These results are 
in agreement with the findings of Khan et al. who reported 
that a decrease in the concentration of P4 was observed 
with an increase in the follicle size[29,31,32]. However, 
our results are in contrast with the findings of Kor et al. 
who demonstrated that as the follicular size increased, 
FF concentration of P4 increased[10,11]. The reason for the 
discrepancy between these studies is unclear, although it 
may be related to the presence or absence of CL. The lower 
level of P4 in the FF of large follicles in CL
- ovaries has been 
attributed to an increase in prostaglandin production or 
conversion to estradiol[33]. McNatty et al. demonstrated that 
the P4 in bovine follicles served as a precursor for androgen 
and subsequently E2 production[34]. Indeed, the higher P4 
concentration in FF of CL+ ovaries than the FF of CL- ovaries 
may relate to the presence of CL. 
   In the present study, FF concentrations of estradiol-17β 
and testosterone from different sized follicles in CL- ovaries 
were significantly higher (P≤0.05) when compared with 
the CL+ ovaries. However, FF concentration of P4 in the CL
+ 
ovaries was significantly higher when compared with the 
CL
- ovaries. P4 is secreted in high concentrations by the 
CL during the luteal phase[35]. In addition, it is known that 
both granulosa and theca cells of bovine follicles produce 
large amounts of P4[34,36]. The CL will enable to receive the 
greatest rates of blood flow than those tissue in the ovary 
for development[37]. Furthermore, in agreement with the 
previous studies[38,39], there is a relationship between the 
development of CL and the development of follicles. Corpora 
lutea affect ovarian follicular dynamics in both ovaries 
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by a systemic effect with evidence for a local ipsilateral 
effect[24]. Khera reported that the P4 secretion from CL had 
a suppressive effect on follicular growth during the luteal 
phase of the ovine estrous cycle[32]. These reports strongly 
suggest an intra-ovarian antifolliculogenic effect of P4. 
However, it cannot be excluded that other substances from 
the CL participate in the process. One such substance may 
be inhibin, which is also secreted in high concentrations 
during the luteal phase. Inhibin has been shown to increase 
the follicular androgen production synergistically with LH, 
and may contribute to unfavorable conditions for follicular 
growth[40]. Fukuda et al. reported that the CL, secreting 
local ovarian factors, possibly P4 and/or inhibin negatively 
affected neighbouring follicular growth during the luteal 
phase[41]. Therefore, the higher concentrations of P4 and 
lower estradiol-17β and testosterone concentration in CL+ 
than the CL- ovaries might indicate the existence of a 
possible local effect of the CL. Furthermore, the increase of 
blood flow to the follicular cells in the CL- ovaries results in 
an increased supply of gonadotrophins and other systemic 
biochemical and hormonal factors necessary for follicular 
development[42]. 
   The serum concentration of cholesterol was higher 
(P≤0.05) than in the fluids from different sized follicles 
categories in CL+ and CL- ovaries. Because a substantial 
part of the cholesterol content in FF originated from serum, 
the cholesterol concentration of FF in two groups of ovaries 
(CL+ and CL-) decreased with the increase in follicular size. 
This is in agreement with the findings of Rahman et al. in 
camel[12], Thangavel and Nayeem in buffalo[9], and Huang 
et al. in pigs[43]. However, other authors reported different 
findings in buffalo (Leroy et al.[27]), sheep (Nandi et al.[44]), 
and goat (Mishra et al.[45]). 
   Cholesterol is known to be a precursor of all steroid 
hormones. Thus, the low cholesterol concentration in 
the fluid from large follicles indicated biotransformation 
of cholesterol to sex steroids. In the present study, the 
concentrations of these sex steroids were higher (P≤0.05) 
in larger follicles when compared with the smaller ones. 
Therefore, the low cholesterol concentration in the FF of the 
CL+ ovaries mainly related to the consumption of cholesterol 
for the production of steroid hormones. This is supported 
by our data, which show significant correlations between 
cholesterol and steroid hormones in FF from different sized 
follicles in CL+ and CL- ovaries (P<0.05).
   In the present study, the FF concentration of cholesterol 
from different sized follicles categories in CL- ovaries was 
significantly higher (P≤0.05) when compared with the CL+ 
ovaries. The increase of blood flow to the CL may increase 
the transport of cholesterol to the CL and produce P4.    
   The serum concentration of T3 was significantly higher 
(P≤0.05) when compared with the fluid from different sized 
follicles categories in CL+ ovaries. In addition, the serum 
concentration of T4 was higher when compared with the fluid 
from different sized follicles categories but this difference 
was not significant (P>0.05). Indeed, a substantial part of 
the T3 and T4 contents in FF originates from serum. The FF 
concentrations of T3 and T4 in CL
+ and CL- ovaries did not 
differ between follicle classes. Similar findings have been 
reported in dairy cows by Tabatabaei et al. and in buffalos 
by Arshad et al. who observed no significant differences 
between the small and large follicles for concentration 
of thyroid hormones[46,47]. In the present study, FF 
concentrations of T3 and T4 from different sized follicles 
in CL- ovaries were numerically higher when compared 
with the CL+ ovaries, but this difference was not significant 
(P>0.05). The increase of blood flow to the follicular cells 
in the CL- ovaries can be exposed to a greater amount 
of circulating thyroid hormones. Thyroid hormones are 
essential for normal reproductive functioning of the ovaries 
and follicular growth[48]. Biswas et al. reported that thyroid 
hormones exerted a direct effect on murine granulose cells, 
increasing their proliferation and release of P4 along with 
other cholesterol derivatives[49]. Blaszczyk et al. suggested 
that the thyroid hormones may be involved in cholesterol 
metabolism in bovine follicles[4]. The exact mechanism by 
which thyroid hormones regulate steroidogenesis in bovine 
ovarian follicles remains unknown. Therefore, further 
studies are required to confirm this conclusion.      
   The steroid hormones play an important role in the 
regulation of oocyte maturation[50,51]. The presence of 
steroids in the FF before and during maturation suggests that 
they may play a role in oocyte maturation[52,53]. In fact, it has 
been shown that estradiol-17β as well as other steroids are 
involved in keeping the oocytes in meiotic arrest[54-56]. It has 
also been suggested that estradiol-17β is important in the 
oocyte acquisition of fertilization competence[56,57].
   The results of the present study indicated that the levels 
of hormonal concentrations in the serum and FF were 
statistically significant. In addition, our data demonstrated 
that the hormonal content of FF in the CL- ovaries were 
higher than those of the CL+ ovaries at the time of aspirating. 
Different concentrations of hormonal composition between 
FF in the CL+ and CL- ovaries might indicate the existence of 
a possible local effect of the CL. Further studies are required 
to clarify possible factors and pathways for this local effect 
of the CL upon FF composition.
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